Densities and composition of the microflora on fish skin reflect variations in the bacterial population of the environ ment in which they inhabit. Large numbers of bacteria are usually found on the skin (102-107/cm2) and the gill tissue (103-106/g), and in the intestinal fluid (103-108/ml) of live and freshly caught marine fishes.1) These bacteria pene trate into fish flesh through the gill tissue, intestines, and skin mucus after the death of fishes, and fish spoilage is ad vanced by the invasion of such bacteria. Among these, the epiphytic bacteria on fish skin covered with mucus play a major role in the degree of freshness and the spoilage of fishes as foodstuffs. It is considered that these epiphytic bacteria produce extracellular enzymes, which are in volved in decomposition of the skin mucous components such as proteins, glycoproteins, polysaccharides, lipids, and other materials secreted from the epithelial cells.
In the present study, an attempt was made to isolate pro tease-producing bacteria from the skin mucus of horse mackerel Trachurus japonicus and to characterize an ex tracellular protease of an isolate Bacillus sp. N4 strain.
Materials and Methods

Materials
An authentic substrate, Suc-Leu-Leu-Val-Tyr-MCA was manufactured by Peptides Institute, Inc. (Osaka, Japan). Azocasein, DFP, and PMSF were supplied from Sigma Chemical Co. (St. Louis, Mo., U.S.A.). Pharma lyte (pH 3.5-10), Sephadex G-50 (fine), Superdex G-75 PG, and standard proteins for SDS-PAGE were from Pharmacia Fine Chemicals (Uppsala, Sweden). CM -Toyopearl 650S was produced by Toyo Soda Co. (Tokyo, Japan). Polypeptone, yeast extract, and other chemicals were from Nacalai Tesque, Inc. (Kyoto, Japan).
Medium
An isolation medium (PY-medium, pH 7.4) was com posed of 0.5% polypeptone, 0.1% yeast extract and 0.5% or 3% NaCl. This medium was also used for an agar slant culture after solidifying with 1.8% agar. 
Screening of protease producing bacteria
Analytical methods
Protein was determined by the method of Lowry et al.3) with bovine serum albumin as a standard. SDS-PAGE was done by the method of Laemmli4) using a 12% slab gel con taining 0.1% SDS at 20mA. The enzyme was pretreated with or without 2-mercaptoethanol before SDS-PAGE. Gels were stained for protein with Coomassie brilliant blue R-250. of Bacillus sp. N4 strain by ammonium sulfate precipita tion and three chromatographic separations as shown in Figs. 2-4. The purification of the protease is summarized in Table 1 . The final preparation showed a single protein band on SDS-PAGE (Fig. 5) . The apparent molecular weight of N4-protease was estimated to be 28,000 by com parison of its mobility to those of standard proteins with known molecular weights on SDS-PAGE in 12% gel.
Results
Identification of N4 strain
Effect of pH
The maximum activity was found at pH 10.0 toward Suc-Leu-Leu-Val-Tyr-MCA and azocasein and at pH 11.0 toward casein, respectively (Fig.6A) . As shown in Fig. 6B , the activity of the enzyme was stable between pH 6 and pH 11.
Effect of temperature
The optimum temperature of the protease activity was found to be around 55•Ž in the absence of CaCl2 (Fig.  7A) . 
Isoelectric point
As shown in Fig. 8 , the isoelectric point for N4-protease Asakawa et al. M, standard proteins; 1, non-reduced N4-protease; 2, reduced N4 -protease with 2-mercaptoethanol.
The following proteins were used as standards: phosphorylase b (97,400), bovine serum albumin (66,200), ovalbumin (45,000), carbonic anhydrase (31,000), soybean trypsin inhibitor (21,500), and lysozyme (14,400). was estimated to be 9.5 by using a Bio-Lad Rotofor ap paratus.
Effects of inhibitors and metal ions
As summarized in HgCl2, CdC12, and ZnCl2.
Discussion
The present report describes an attempt to isolate pro tease-producing bacteriaa from the skin mucus of horse mackerel, and to purify and characterize an extracellular protease produced by the isolate Bacillus sp. N4 strain. In general, Bacillus sp. can be isolated from almost all natu ral habitats such as soil, fresh water, and sea water. Thus it is difficult to determine whether the isolate originates from sea water or other sources. The maximum activity was found at pH 10.0 toward azocasein and Suc-Leu-Leu-Val-Tyr-MCA and at pH 11.0 toward casein, respectively. As shown in Fig. 6B , the activi ty of the enzyme was stable between pH 6 and pH 11. Values of optimum and stable pHs were almost the same as those of alkaline serine proteases such as subtilisin BPN', subtilisin Carlsberg, subtilisin Amylosacchariticus, subtilisin Natto (B. natto Ns), subtilisin E (B. subtilis 168), and alkaline protease from B. mesentericus."91 Endopeptidases are known to be generally classified into four categories. Among them, serine proteases require an essential serine residue for activity and are thus inhibited by hydroxyl-reactive organofluorides such as PMSF and DFP. N4-protease was completely inactivated by PMSF and DFP, indicating that this protease can be classified as a serine protease.o
In general, it has been well known that calcium ion can retard inactivation of enzymes, so the effects of calcium ion on the activity of the protease was investigated. By ad dition of Call, N4-protease was activated and also stabi lized at high temperatures (Fig.7) . A similar tendency has been observed for those of the alkaline serine proteases from other Bacillus sp. In the present study two strains, N4 and N9 (Flavobac terium sp.), were isolated as the most potent producers of protease from horse mackerel skin mucus. Preliminary in vestigations revealed that strain N9 produced a unique ex tracellular metal protease distinct from N4-protease. Addi tional studies are in progress to characterize the enzymatic properties of the protease produced by strains N4 and N9, and to make clear whether strains N4 and N9 might be responsible for the spoilage of fishes.
